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’RIMS “ 250 : ”
(2007 9 )






$(i=1,2, \cdots, n)$ $\mathcal{F}=\mathcal{A}[\omega_{1}, \cdots,\omega_{n}]$
( $\mathcal{F}=\mathcal{A}\rangle\triangleleft\hat{G}$ : ) $\{\omega_{1}, \cdots,\omega_{n}\}$
$\mathcal{F}$ $G=Gal(\mathcal{F}/\mathcal{A})$ $\mathcal{F}$
, $\mathcal{A}$ : $\mathcal{A}=\mathcal{F}^{G}$ , $\mathcal{A}$
, .
, $\mathcal{F}rightarrow G$ $\mathcal{A}$




$[(\mathcal{F}=\mathcal{A}x\hat{G}$: $)$ $f\urcorner(G=Gal(\mathcal{F}/\mathcal{A}))$ : $]$
$\Leftrightarrow$ $[(\mathcal{A}=\mathcal{F}^{G}(\simeq \mathcal{F}xG)$ : $)$ $co-\hat{act}ionG$ $\hat{G}(\subset RepG)]$
Maxwell ,
$\mathcal{A}$ field strength $F_{\mu\nu}=(\vec{E},\vec{B})$ $j_{\mu}$
, $F_{/l\nu}=\partial_{\mu}A_{\nu}-\partial_{\nu}A_{\mu}$ 4 $A_{\mu}$
$\mathcal{F}$ , $G=Gal(\mathcal{F}/\mathcal{A})$ $A_{\mu}arrow A_{\mu}+\partial_{\mu}\Lambda$
( ) ( $F$ $A$ gauge
potential $A_{\mu}\in field$ algebra $\mathcal{F}$ field strength $F_{\mu\nu}$ $\in$ observable algebra $\mathcal{A}$
, 2 !)











relabeling syminetry Diff $(\mathcal{D})$ ( )
, $\vec{v}(t,\vec{x})$ $\vec{x}$ $\vec{x}arrow\vec{x}+\delta\vec{x}$
, ,
( $\mathcal{D}$ 3 )
85
, Arnold; Holm, Marsden, Ratiu [9]
$=$ “Lie”(Diff $(\mathcal{D})$ ) $=$ $\mathcal{D}$
6. $\vec{\nabla}\in \mathcal{X}(\mathcal{D})\gg$ , Diff $(\mathcal{D})$ Euler&
Lagrange




3 $)$ vs. / vs. :
Lagrange ,
N. Nakanishi
$([11|)$ , 3 Euclid
, $\vec{x}arrow\vec{x}+\delta\vec{x}$ $t$




, static or kinematical
flow equation





[12] 1 $\{\varphi_{a};a=1, \cdots, r\}$ :
$\{\varphi_{a}, \varphi_{b}\}_{P.B}$ . $= \sum_{c}f_{ab}^{c}\varphi_{c},$ $\{\varphi_{a}, H\}_{P.B}$ . $= \sum_{b}f_{a}^{b}\varphi_{b}(\{\cdot,$ $\cdot\}_{P.B}$ . Poisson ,
$H$ formal “singular” or “non-canonical” Hamiltonian) O
, $\det(\{\varphi_{a}, \chi^{b}\}_{P.B}.)\neq 0$
$\chi^{a}(a=1, \cdots, r)$ 2 , Poisson
Dirac $\{A, B\}_{D}$ . $:=\{A, B\}_{P.B}$ . $- \sum_{ij}\{A, \phi_{i}\}_{P.B}.(C^{-1})_{ij}\{\phi_{j}, B\}_{P.B}$ .
$(\{\phi_{i}\} :=\{\varphi_{a}, \chi^{b};a, b=1, \cdots, r\}, C_{ij}:=\{\phi_{i}, \phi_{j}\}_{P.B}.)$
( ) $(=$ symplectic submanifold
“symplectic reduction”) , Hamiltonian
$\sum_{a}\varphi_{a}\chi^{a}$ : $H arrow H+\sum_{a}\varphi_{a}\chi^{a}$ [2, $10|$ helicity
Hamiltonian , $[3|$ “Casimirs”
, ( ) Lie













a ( $=$ Lagrangian coordinates) parametrize
$\mathbb{R}\ni t(t, \varphi_{t}(a))\in \mathbb{R}^{4}$ , , Euler
$\frac{D(\rho\vec{v})}{Dt}=-\vec{\nabla}p$
$(\vec{x}\mapsto p(t,\vec{x})$ $)$
a$)$ , $F_{\mu\nu}$ (
$\vec{v}$ ) (or )
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